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DESCRIPTION 
HEAD-MOUNTED DISPLAY DEVICE 



Technical Field 

The present invention relates to a head-mounted display 
device including an optical system that projects an image, 
which is produced by a built-in image display means, on the 
observer's retinas. 

Background Art 

Various types of head-mounted image display devices 
have been proposed as compact display devices that are worn 
on the head and display an image directly viewable with the 
eyes . 

For example, Japanese Patent Unexamined Publication No. 
10(1998)^293544 has disclosed a head-mounted image display 
device that consists mainly of a display casing, right and 
left supporting frames, a nose rest member, head pressing 
members, and ear rest members. The display casing 
accommodates LCDs and others. The right and left supporting 
frames are borne by joint members, which are detachably 
attached to the display casing, so that the right and left 
supporting frames can pivot on the joint members. The nose 
rest member is fixed to the display casing. The head 




pressing members are attached to the supporting frames so 
that they can slide. The ear rest members are attached to 
the head pressing members so that they can move together 
with the head pressing members. The operability of the 
head-mounted image display device for activating various 
kinds of features has improved. 

However, although the head-mounted image display device 
disclosed in the Japanese Patent Unexamined Publication No. 
10 (1998) -293544 has its operability improved, there is room 
for improvement in the structures of the joint members and 
supporting frames, which are the components of the display 
device, in terms of their strength and cost. Moreover, 
there is room for improvement in attaching condition of 
earphones from the viewpoint of ease of use. 

The present invention attempts to overcome the 
foregoing drawbacks. An object of the present invention is 
to provide a head-mounted image display device that has 
components whose structure is simple, whose strength is 
sufficient, whose capability is satisfactory, and whose cost 
can be lowered. 

Disclosure of Invention 

According to one aspect of the present invention, there 
is provided a head-mounted image display device having an 
image producing unit. The image producing unit includes an 
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image display means and a projecting optical system that 
projects an image, which is produced by the image display 
means, on the observer's eyes. The head-mounted image 
display device further includes a casing, a pair of frame 
supporting members , and a pair of frame members . The casing 
accommodates the image producing unit. The pair of frame 
J supporting members is fixed to the casing. The pair of 

3" frame members is worn on the head and supported by the frame 

^ supporting members so that the frame members can freely 

si ; \ pivot on the frame supporting members . When the casing is 
s worn on the head using the frame members, an image produced 

• - by the image producing unit is projected on the observer * s 
m eyes. The respective pair to the frame supporting members 

has the same shape. 

According to another aspect of the present invention, 
there is provided a head -mounted image display device having 
an image producing unit. The image producing unit includes 
an image display means and a projecting optical system that 
projects an image, which is produced by the image display 
means, on the observer's eyes. The head-mounted image 
display device includes a casing, a pair of frame supporting 
members , and a pair of frame members. The casing 
accommodates the image producing unit. The pair of frame 
supporting members is fixed to the casing. The pair of 
frame members is worn on the head and supported by the frame 



supporting members so that the frame members can freely 
pivot on the frame supporting members . When the casing is 
worn on the head using the frame members, an image produced 
by the image producing unit is projected on the observer's 
eyes. The each frame member has ribs formed on the surface 
thereof which faces outside with the head-mounted image 
display device worn on the head. The ribs are extended over 
an effective range in the longitudinal direction of each 
frame member. The ribs on each frame member are a plurality 
of ribs formed in the width direction. A groove defined 
with the inner surfaces of the ribs on each frame member 
serves as a passage groove through which an earphone cord is 
passed. 

According to still another aspect of the present 
invention, there is provided a head-mounted image display 
device having an image producing unit. The image producing 
unit includes an image display means and a projecting 
optical system that projects an image, which is produced by 
the image display means, on the observer's eyes. The head- 
mounted image display device includes a casing body, a pair 
of frame supporting members, and a pair of frame members . 
The casing accommodates the image producing unit. The pair 
of frame supporting members is fixed to the casing body. 
The pair of frame members is worn on the head and supported 
by the pair of frame supporting members so that the frame 



members can pivot on the frame supporting members. When the 
casing body is worn on the head using the frame members, an 
image produced by the image producing unit can be projected 
on the observer's eyes. The each frame member has facing 
pins formed on the inner surfaces of flanges constituting 
the proximal portion of each frame member that acts as a 
fulcrum. The each frame supporting member has pin 
supporting hole, into which the pin is fitted, bored therein 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing the appearance of 
a head-mounted image display device HMD in accordance with 
an embodiment of the present invention; 

Fig. 2 is a perspective view showing the head-mounted 
image display device HMD in accordance with the embodiment 
mounted on the head; 

Fig • 3 is an exploded perspective view showing the 
major components of the head-mounted image display device 
HMD in accordance with the embodiment; 

Fig. 4 ^is a perspective view showing a frame support 
included in the head-mounted image display device HMD in 
accordance with the embodiment; 

Fig. 5 I s a plan view showing the frame support 
included in the head-mounted image display device HMD in 
accordance with the embodiment; 
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Fig. jS^is an A-A sectional view of the frame support 
shown in Fig. 5; 

Fig. 7 is a B-B sectional view of the frame support 
shown in Fig. 6; 

Fig . 8 is a partial perspective view showing the 
proximal portion of a left frame included in the head- 
mounted image display device HMD in accordance with the 
embodiment which acts as a fulcrum; 

Fig. 9 is a plan view showing the distal portion of the 
left frame included in the head-mounted image display device 
HMD in accordance with the embodiment (which has an earphone 
holder) ; 

Fig. H^j-s a C-C sectional view of the left frame shown 
in Fig. 9; 

Fig. Jl is a D-D sectional view of the left frame shown 
in Fig. 9; 

Fig. 12A is a plan view showing the left frame of the 
head-mounted image display device HMD in accordance with the 
embodiment f wherein the left frame is attached to a left 
frame support so that the left frame can pivot , and turned 
in a direction Rl( a direction of opening) ; 

Fig . J-£B is a plan view showing the left frame of the 
head-mounted image display device HMD in accordance with the 
embodiment, wherein the left frame is attached to the left 
frame support so that the left frame can pivot, turned in a 



direction R2 (a direction of closing), and thus folded; 

Fig. 13A is a plan view showing the left frame of the 
head-mounted image display device HMD in accordance with the 
embodiment, wherein a pivot /open angle by which the left 
frame pivots to open is adjusted to be larger; 

Fig. 13B is a plan view showing the left frame of the 
head-mounted^image display device HMD in accordance with the 
embodiment, wherein the pivot/open angle by which the left 
frame pivots to open is adjusted to be smaller; 

Fig. 14 is a side view showing the head-mounted image 
display device HMD in accordance with the embodiment which 
is worn on the head and seen from left; 

Fig. J^S^is a side view showing the head-mounted image 
display device HMD in accordance with the embodiment which 
is worn on the head and seen from right; 

Fig. 16 shows the head-mounted image display device HMD 
in accordance with the embodiment whose right and left 
frames are folded in order to carry or store the head- 
mounted image display device HMD, and which is seen from the 
side of image producing windows; and 

Fig. 1 7 is a side view showing the head-mounted image 
display device HMD in accordance with the embodiment whose 
right and left frames are replaced with each other in order 
to produce a custom-made head-mounted image display device 



Best Mode for Carrying Out the Invention 

An embodiment of the present invention will be 
described in conjunction with the drawings below. 

Fig. 1 is a perspective view showing the appearance of 
a head-mounted image display device HMD in accordance with 
an embodiment of the present invention. Fig . 2 is a 
perspective view showing the head-mounted image display 
device (HMD) worn on the head. Fig. 3 is an exploded 
perspective view showing the major components of the head- 
mounted image display device HMD. , 

An HMD 1 in accordance with the embodiment of the 
present invention consists mainly of an image producing unit 
2, right and left frames 4 and 5, and a controller 8. The 
image producing unit 2 has LCDs , which serves as an image 
display means, enclosed in covers 11 and 22. The right and 
left frame units 4 and 5 are borne by the cover 11 so that 
they can pivot , and used to wear the HMD on the head . The 
controller 8 is connected to the image producing unit over a 
cable 9 over which a control signal and an image signal are 
transmitted. 

Hereinafter, a description will proceed on the 
assumption that a leftward direction is the left side 
relative to an observer who sees the front and rear covers 
22 and 11 of the image producing unit 2, and that a 
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rightward direction is the right side relative to the 
observer. Moreover, a line linking fulcrums on which right 
and left frames 25 and 26 that will be described later pivot, 
that is, a line linking the centers of frame supports 16 and 
17 that will be described later shall be axis XO. An axis 
that extends vertically while being orthogonal to the axis 
XO shall be axis YO. An axis that extends back and forth 
while being orthogonal to the axis XO shall be axis ZO. 
Moreover, a direction parallel to the axis XO shall be a 
direction X. A direction parallel to the axis YO shall be a 
direction Y. A direction parallel to the axis ZO shall be a 
direction Z. When an upper point in the direction Y tilts 
forward and a lower point therein tilts backward, an 
inclination shall be + 8. When the upper point in the 
direction Y tilts backward and the lower point therein tilts 
forward, the inclination shall be - 6. 

When the HMD 1 is used to view an image, the HMD 1 is 
worn on the observer's head 101 with a nose rest 3 mounted 
on the nose 102 and with right and left frame units 5 and 4 
hung on the ears 103. The nose rest 3 is formed as part of 
the cover of the image producing unit 2. In this state, 
right and left image producing windows lid and lie of the 
image producing unit 2 are located in front of the 
observer's eyes. The observer mounts an image and sound 
recording memory card on a card mount 8a of the controller 8. 



A video signal read from the memory card is transferred from 
the controller 8. Consequently, an image is displayed on 
the LCDs. The light carrying the display image is converged 
on the observer's eyes through the image producing windows 
lid and lie. Consequently, the image is viewed. Moreover, 
sounds are heard with right and left earphones 7 and 6 
detached from the right and left frame units 5 and 4 and 
inserted into the ears 103. 

The structures of the components of the HMD 1 will be 
described below. 

The image producing unit 2 consists mainly of the front 
and rear covers 22 and 11, an image producing block 10, 
right and left frame supports 17 and 16, right and left 
earphone cords 21 and 20, and a signal cable 9. The front 
and rear covers 22 and 11 are casing members. The image 
producing block 10 is borne by the rear cover 11. The right 
and left frame supports 17 and 16 that are paired frame 
supporting members are also borne by the rear cover 11. The 
right and left earphone cords 21 and 20 are routed to the 
image producing block 10. The signal cable 9 is routed to 
the image producing block 10 through a connector and held in 
a bushing 19. 

The earphones 6 and 7 are of a headphone-embedded type . 
The earphone cord 20 is passed through a passage groove 2 5h 
formed in the left frame 25 that will be described later. A 



portion of the earphone code 20 coming out of an adjuster 26, 
which will be described later, includes a stretchable and 
contractile coil spring portion (curled portion) 20a (see 
Fig. 1). Likewise, the right earphone cord 21 is passed 
through a passage groove 27h formed in the right frame 27. 
A portion of the right earphone cord 21 coming out of an 
adjuster 28, which will be described later, includes a 
similar stretchable and contractile coil spring portion 
(curled portion). 

The right or left frame unit 5 or 4 consists mainly of 
a right or left frame 27 or 25 and the adjuster 28 or 26. 
The right and left frames 27 and 25 are a pair of frame 
members supported by the right and left frame supports 17 
and 16 so that the frame members can pivot freely. The 
adjusters 28 and 26 are a pair of adjusters attached to the 
frames so that the adjusters can slide freely. The 
adjusters 28 and 26 are magnitude-of-f rame pivot changing 
devices . ^ 

The image producing block 10 is fixed to and borne by 
the rear cover 11. The image producing block 10 includes 
right and left LED surface light sources 12b and 12a, right 
and left LCDs 13b and 13a, right and left prisms 14b and 14a, 
and a circuit board 15. The right and left LCDs 13b and 13a 
serve as an image display means and are located below the 
surface light sources . The right and left prisms 14b and 



14a are located below the LCDs. An IC serving as a LCD 
drive circuit for driving the LCDs 13b and 13a and an IC 
serving as an audio circuit are mounted on the circuit board 
15. 

In the image producing block 10 light rays carrying 
images transmitted by the LCDs 13b and 13a are reflected 
from the prisms 14b and 14a, and projected on the observer ' s 
eyes through the image producing windows lie and lid. 

The earphone cords 21 and 20 are routed within the- rear 
cover 11 as mentioned below. Specifically/ the earphone 
cord 21 or 20 is passed through a gap between bosses lib or 
11a to which the frame support 17 or 16 is screwed and which 
are formed on the wall of the rear cover 11. After the 
earphone cord 21 or 20 is knotted, the earphone cord 21 or 
20 is passed behind the LED surface light source 12b or 12a 
and then soldered directly to the circuit board 15 . 

The right and left frame supports 17 and 1 6 are formed 
using the same member/ and attached to the right and left 
ends of the rear cover 11. When attached, the right and 
left frame supports 17 and 16 are faced. 

Fig. 4 is a perspective view of the frame support 16. 
Fig. 5 is a plan view of the frame support 16. Fig. 6 is an 
A-A sectional view of the frame support 1 6 shown in Fig . 5 , 
and Fig. 7 is a B-B sectional view thereof . 

The frame support 16 has attachment holes 16a, concave 
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parts 16b and 16h, inner walls 16c and 161, and frame 
supporting holes 16d and 16 j. The attachment holes 16a are 
joined to the bosses 11a formed on the rear cover 11 using 
screws. The concave parts 16b and 16h are formed in the 
upper and lower surfaces respectively. The inner walls 16c 
and 16i are the walls of the concave parts and contacts 
frame flanges. The frame supporting holes 16d and 16 j are 
bored in the concave parts. Pins formed on the frame 25 and 
27, which will be described later, are fitted into the frame 
supporting holes 16. An axis Yl linking the frame 
supporting holes 16d and 16 j is inclined by an angle +01 
(approximately + 8°) relative to the direction Y . The angle 
01 corresponds to an inclination by which the plane on which 
the left and right frame supported by the frame support 16 
pivots is inclined. 

Moreover, a peripheral convex part 16e for preventing 
the left frame from coming off is formed on the perimeter of 
the frame supporting hole 16d in the concave part 16b of the 
upper surface. Furthermore, a concave part 16f is formed as 
an L-shaped groove for assisting in insertion or removal of 
one of the pins formed on the left frame. A step 16g is 
formed one step below the concave part 16f. 

On the other hand, the same peripheral convex part is 
formed on the perimeter of the frame supporting hole 16 j 
bored in the concave part 16h in the lower (back) surface of 



the frame support 16. Furthermore, a concave part serving 
as an L-shaped groove for assisting in insertion or removal 
of the other pin formed on the left frame, and a step 16k 
are also formed. 

On the other hand, the right frame support 17 is, as 
mentioned above, realized with the same shaped member as the 
left frame support 16. The right frame support 17 is fixed 
to the right bosses lib formed on the rear cover 11 in a 
vertically reversed state relative to the left frame support 
16 . An axis Y2 linking frame supporting holes 17d and 17j 
bored in the right frame support 17 is inclined by a tilt 
angle of - 81 (approximately - 8°). 

The appearance of the left frame 25 is shown in Fig. 3 
that is the perspective view and in Fig. 14 that is a side 
view of the left frame 25 with the HMD 1 worn on the head 
and seen from left. Part of the left frame 25 is shown in 
detail in Fig. 8, Fig. 9, Fig. 10, and Fig. 11. Fig. 8 is a 
perspective view showing the proximal portion of the left 
frame that acts as a fulcrum. Fig . 9 is a plan view showing 
the distal portion of the left frame. Fig. 10 is a C-C 
sectional view of the distal portion shown in Fig. 9. Fig. 
11 is a D-D sectional view of the distal portion shown in 
"Fig.. 9. . 

The shape of the right frame 2 7 that will be described 
later is symmetric to the shape of the left frame 25. The 



appearance of the right frame 27 is shown in Fig. 15 that is 
a side view of the right frame 23 with the HMD 1 worn on the 
head and seen from right . 

The left frame 25 has, as shown in Fig. 8, two ribs 25a 
of upper and lower ribs formed on the outer surface thereof, 
which faces outside with the HMD worn on the head, over 
substantially the whole range in the longitudinal direction. 
The upper and lower ribs 25a are formed in order to 
reinforce the frame. A groove 25h defined by the ribs 25a 
has the middle portion thereof covered with the adjuster 26 
that will be described later. The groove 2 5h is , as shown : 
in Fig. 11, used as a passage groove through which the 
earphone cord 20 is passed. 

On the other hand, the right frame 27 has two ribs of 
upper and lower ribs 27a formed on the outer surface thereof, 
which faces outside with the HMD worn on the head/ along 
substantially the whole range in the longitudinal direct ion . 
The upper and lower ribs 27a are formed in order to 
reinforce the right frame. A groove 27h sandwiched by the 
ribs 27a has the middle portion thereof covered with the 
adjuster 28 that will be described later. The groove 2 7h is 
used as a passage groove through which the earphone cord 21 
is passed. 

In the left frame 25, pins 25b and 25c are formed on 
the inner surfaces of flanges 25i and 25 j that constitute 



the proximal portion of the left frame which act as a 
fulcrum. The pins 25b and 25c are facing and fitted into 
the frame supporting holes 16d and 16 j. An axis Yl linking 
the pins 25b and 25c is inclined by an angle of + 61 
relative to the direction Y. The direction Y is orthogonal 
to a major axis plane (a plane containing a center line, 
which passes the center of the width of the left frame) 
defined in the proximal portion of the left frame that acts 
as a fulcrum. 

Moreover, the distal portion of the left frame 25 that 
has an opening 2 5d and acts as an earphone holder is shifted 
down by a dimension S with respect to the major axis plane 
Pi . The major axis plane PI is defined in the proximal 
portion thereof that has the pins 25b and 25c and acts as a 
fulcrum. 

On the other hand, the right frame 27 has, as shown in 
Fig. 3, pins 27b and 27c formed on the inner surfaces of 
flanges 271 and 27 j that constitute the proximal portion of 
the right frame 27 which acts as a fulcrum. The pins 27b 
and 27c are facing and fitted into the frame supporting 
holes 17d and 17j of the frame support 17 so that the right 
frame 27 can pivot freely. An axis Y2 linking the pins 27b 
and 27c is inclined by an angle - 6 relative to the 
direction Y. The direction Y is orthogonal to a major axis 
plane P2 ((a plane containing a center line that passes the 



center of the width of the right frame) (see Fig. 15) ) 
defined in the proximal portion of the right frame 27 that 
acts as a fulcrum. 

Furthermore, the distal portion of the right frame 27 
that has an opening 2 7d and acts as an earphone holder, as 
shown in Fig. 15, is shifted down by a dimension S with 
respect to the major axis plane P2 . ... The major axis plane P2 
is defined in the proximal portion thereof that acts as a 
fulcrum and that has the pins 26b and 26c. When the HMD 1 
is worn on the head as shown in Fig. 14 and Fig. 15, the 
direction Y and the direction Z shall be substantially 
consistent with a vertical direction and a horizontal 
direction respectively. 

The left frame 25 has, as shown in Fig. 3 and Fig. 8, 
three projections 25g formed near the proximal portion 
thereof that acts as a fulcrum. The adjuster 26 is mounted 
on the portion of the left frame having the three 
projections so that the adjuster 26 can slide. Claws 26a of 
the adjuster 26 are fitted in gaps among the projections 25g, 
whereby the adjuster 26 is positioned. 

On the other hand, the right frame 27 has, as shown in 
Fig. 3 , three projections 27g formed near the proximal 
portion thereof that acts as a fulcrum. The adjuster 2 8 is 
mounted on the portion of the right frame 27 having the 
projections 27g so that the adjuster 28 can slide. Claws 
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28a of the adjuster 28 are fitted in gaps among the 
projections 27g, whereby the adjuster 28 is positioned. 

The adjuster 26 is symmetric in the width direction 
thereof in which the claws 26a as well as distal projections 
26b are formed. The distal projections 26b are used to 
change a magnitude of pivot/open and shaped like prongs of a 
fork. The adjuster 28 has the same shape as the adjuster 26. 
Similarly to the adjuster 26, the adjuster 28 has distal 
projections 2 8b, which are used to change a magnitude of 
pivot/open and shaped like prongs of a fork, as well as the 
claws 28a, v - 

Furthermore, the distal portion of the left frame 25 
has, as shown in Fig. 9 and Fig. 10, the opening 25d and two 
claws 25e and 25f that are facing, and thus acts as an 
earphone holder. The earphone holder is symmetric in the 
width direction thereof. 

When the HMD 1 is carried by a user, the earphone 6 is 
held in the earphone holder. In this case, the earphone 6 
is first engaged with either of the claws 25e and 25f facing 
each other, and then fitted in the opening 2 5d so that the 
earphone will be clamped by the claws 25e and 25f . 
Referring to Fig . 9 , the earphone 6 may be slid below the 
claws 25e and 25f from above or below in the width direction 
and then held in the stowage. 

On the other hand, the proximal portion of the right 



frame 27 has , as shown in Fig. 3, the opening 2 7d and claws 
27e and 27f that are facing, and thus acts as a laterally- 
symmetric earphone holder • The procedure of putting the 
earphone 7 in the earphone holder is the same as the 
procedure of putting the earphone 6 in the earphone holder 
formed in the left frame 25. 

Next/ the procedure of attaching or detaching the left 
frame 25 to or from the frame support 16 will be described 
below. Fig. 12A and Fig. 12B are plan views showing the 
left frame 25 attached to the left frame support 16. Fig. 
12A shows a use state (for viewing) in which the left frame 
25 is turned in a direction Rl (a direction of opening) . 
Fig. 12B shows a folded state (a portable or storable state) 
in which the left frame 25 is turned in a direction R2 (a 
direction of closing) . 

In the state shown in Fig. 12A or Fig. 12B, the upper 
and lower pins 25b and 25c of the left frame 25 are fitted 
into the frame supporting holes 16d and 16 j . in the state 
shown in Fig. 12A, the flanges 25i and 25 j of the left frame 
25 contacts the inner walls 16c of the frame support 16. 
The left frame 25 does not therefore move inwards (towards 
the center of the rear cover 11). Conseguently , the upper 
and lower pins 25b and 25c will not come off from the frame 
supporting holes 16d and 16 j. 

In the state shown in Fig. 12B, there is a gap between 



the flanges 25i and 25 j of the left frame 25 and the inner 
walls 16c of the frame support 16. Therefore, the left fame 
25 can move inwards (towards the center of the rear cover 
11). Consequently, while the flanges 25i and 25 j of the 
left frame 25 are deformed elastically in the thickness 
direction thereof, the upper and lower pins 25b and 25c can 
be removed from the frame supporting holes 16d and 16 j in 
order to disassemble the left frame and image producing unit 
Otherwise, the upper and lower pins 25b and 25c can be 
inserted into the frame supporting holes 16d and 16 j in 
order to assemble the left frame and image producing unit. 

During the assembling, when the pins 25b and 25c of the 
left frame 25 are fitted into the frame supporting holes 16d 
and 16 j, the pins 25b arid 25c are first temporarily engaged 
with the narrow steps 16g and 16k of the frame support 16 
from a direction Dl. Thereafter, the space between the pins 
25b and 25c is widened, and passed through the concave parts 
16 f. of the frame support that are the L- shaped grooves 
assisting in insertion or removal of the pins . Finally, the 
pins 25b and 25c are fitted into the frame supporting holes 
16d and 16 j. 

As mentioned above, the frame supporting holes 16d and 
16 j are inclined by an angle +61. Therefore, when the left 
frame 25 is attached to the frame support 16, the axis Yl 
linking the pins 25b and 25c of the left frame 25 is also 



inclined by the angle +81 as shown in Fig. 14. 
Consequently, when the HMD 1 is worn on the head, the major 
axis plane PI defined in the proximal portion of the left 
frame 25 that acts as a fulcrum is kept horizontal and 
aligned with the direction Z . 

On the other hand, the procedure of attaching or 
detaching the right frame 27 to or from the frame support 17 
is the same as the procedure of attaching or detaching the 
left frame 25. However, as mentioned above, the frame 
supporting holes 17d and 17 j are inclined by an angle - 81. 
Therefore, when the frame 27 is attached to the frame 
support 17 , the axis Y2 linking the pins 27b and 27c of the 
frame 27 is inclined by the angle - 81 as shown in Fig. 15. 
Consequently, when the HMD 1 is worn on the head, the major 
axis plane P2 defined in the proximal portion of the right 
frame that acts as a fulcrum is kept horizontal and aligned 
with the direction Z. 

The distal portion of the right or left frame 27 or 25 
that acts as the earphone holder is shifted down by the 
dimension S with respect to the proximal portion thereof 
that acts as a fulcrum. Therefore, when the HMD 1 is worn 
on the observer* s head 101, the image producing windows lid 
formed in the cover of the HMD 1 are disposed opposite the 
observer's eyes with the portions near the distal portions 
of the right and left frames placed on the ears 103. An 



image can therefore be viewed optimally. 

With the HMD 1 worn on the head, the right and left 
frames 2 7 and 25 are pushed outwards by the head and 
deformed elastically. Compressing force with which the 
frames compress the head can be adjusted by changing a 
magnitude (angle) of pivot, by which the right or left frame 
pivots in the direction of spreading (direction Rl) using 
the adjuster 28 or 26. 

The procedure of adjusting the magnitude of pivot 
(spreading) by which the right or left frame 27 or 25 pivots 
to spread is the same between the right and left frames 27 
and 25. The procedure of adjusting the magnitude of pivot 
by which the left frame 25 pivots will therefore be 
described below. 

Fig. 13A and Fig. 13B are plan views showing adjustment 
of an angle by which the left frame can pivot . Referring to 
Fig. 13A, the adjuster 26 has the claws 26a fitted into a 
gap between an outer pair of projections 25g formed on the 
left frame 25. The flanges 25i and 25 j of the left frame 25 
can contact directly the inner walls 16c of the frame 
support 16. The left frame 25 can be widely spread in the 
direction Rl. 

In contrast, referring to Fig. 13B, the adjuster 26 is 
slid towards the proximal portion of the frame that acts as 
a fulcrum. The claws 26a are fitted into a gap between an 



inner pair of projections 25g of the left frame 25. In this 
state, each of the distal projections 26b of the adjuster 26 
intervenes between the inner wall 16c of the frame support 
16 and the flange 25 i or 25 j of the left frame 25. The left- 
frame 25 can be spread in the direction Rl by a smaller 
angle. 

The aforesaid adjustment of a spreading angle is 
performed on the right frame 27 too. Thus, the manner in 
which the right and left frames 27 and 25 are worn on the 
head 101, that is, force by which the right and left frames 
27 and 25 compress the head 101 can be adjusted. 

According to the present embodiment, the number of 
projections 27g or 25g of the right or left frame 27 or 25 
over which the adjuster 28 or 26 is mounted is three. The 
adjusters 28 and 2 6 can therefore be slid to either of two 
positions. The present invention is not limited to this 
mode. Alternatively, a click that locks the adjuster at two 
or more specified positions may be formed in the frames or 
adjusters. In this case, a spreading angle can be adjusted 
finely. Moreover, the adjusters 28 and 26 may not be locked 
at any specif ied positions but may be slid to any position. 
In this case, the spreading angle can be adjusted to any 
desired value but need not be set to any of specified values 
However, in this case, the distal projections 28b and 26b of 
the adjusters 28 and 26 must be tapered or the inner walls 
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of the frame supports 17 and 16 must be continuously 
inclined. 

When the HMD 1 of the present embodiment having the 
aforesaid components is used to view an image, first, the 
HMD 1 is, as shown in Fig. 2 , worn on the head 101 with the 
right and left arms 27 and 25 turned in the direction of 
spreading. At this time, the nose rest 3 is placed on the 
nose 102. In this state, the image producing windows lie 
and lid of the image producing unit 2 are located in front 
of the observer's eyes. The earphones 7 and 6 are taken out 
of the earphone holders and inserted into the ears 103. 

With the HMD 1 worn on the head, light representing an 
image produced according to a video signal sent from the 
controller 8 is projected on the observer's eyes by way of 
the prisms 14b and 14a and image producing windows lie and 
lid. Consequently , an image is viewed. Moreover, sounds 
generated according to an audio signal are heard through the 
earphones 7 and 6. 

Moreover, when the HMD 1 is carried or stowed, the 
earphones 7 and 6 are stowed in the earphone holders so that 
the earphone cords will not sag. The right and left frames 
27 and 25 are folded so that the HMD 1 can be carried or 
stowed readily. 

Fig. 16 shows the HMD 1 in a portable or storable state, 
wherein the HMD 1 is seen from behind. The right and left 



frames 27 and 25 are folded inwards . The axis Yl linking 
the pins 25b and 15c of the left frame 25 is inclined back 
and forth by an angle + 81, and the axis linking the pins 
27b and 27c of the right frame 27 is inclined back and forth 
by an angle - 61. Therefore/ when the frames are folded as 
shown in Fig. 16, the right and left frames 27 and 25 will 
not interfere with each other. 

The HMD 1 may be worn on a user who has a big nose or a 
different skull. In this case, if the HMD 1 is used as it 
is, the nose rest 3 moves obliquely forwards. The distal 
portions (that are near the earphone holders) of the right 
and left frames 27 and 25 are therefore located in the 
middles of the ears. The user wearing the HMD would feel 
uncomfortable. 

According to the present embodiment, the right and left 
frames 27 and 25 of the HMD 1 are detached temporarily, 
replaced with each other , and then attached to the frame 
supports 17 and 16. This results in a custom-made HMD. 
Using this custom-made HMD, even a user who has a big nose 
can enjoy an image viewing optimally. 

Fig. 17 is a side view showing a custom-made HMD worn 
on the head 111 of an observer who has a big nose, wherein 
the HMD is seen from left. In the worn state shown in Fig. 
17, compared with the worn state shown in Fig. 14, the nose 
rest 3 is lifted because of the big nose 112. Therefore, 



the direction Y and direction Z (consistent with the 
direction of the major axis plane P2 ) defined on the custom- 
made HMD are deflected from the vertical direction V and 
horizontal direction H respectively by an angle - 90. 
Moreover/ since the right and left frames are replaced with 
each other, the axis Y3 linking the pins 27b and 27c of the 
right frame 2 7 attached to the left frame support is 
inclined by another angle of - 81. 

The distal portion of the right frame 27 attached to 
the left frame support 16 is , unlike the one shown in Fig. 
14, shifted up by the dimension S. The distal portion will 
therefore not be located in the middle of the ear but will 
be placed at the upper normal position on the ear 113. The 
left frame 25 is attached to the right frame support 17 in 
the same manner, and therefore placed at the upper normal 
position on the ear 113. Consequently, as long as the 
custom-made HMD having the frames replaced with each other 
is employed , even an observer having a big nose can view an 
image normally. 

The HMD 1 of the present embodiment has advantages 
described below. 

(1) A common member can be used as the frame supports 
17 and 16 that support the right and left frames so that the 
right and left frames can pivot. This results in the 
reduced cost of parts and the simplified management of parts 



(2) The pin supporting holes for supporting the pins 
formed on the frames so that the right and left frames can 
pivot are inclined- Therefore, when the right and left 
frames 27 and 25 are folded in order to carry the HMD, the 
right and left frames will not interfere with each other. 
This is helpful in carrying or storing the HMD. 

(3) The right and left frames 27 and 25 have the upper 
and lower ribs 27a and 25a for reinforcement formed on the 
outer surfaces thereof that are the other side of surfaces 
facing the head with the HMD worn on the head. With the HMD 
worn on the head, compressive stress works on the tips of 
the ribs. Therefore, a crack derived from tensile stress 
will not occur. This is advantageous in terms of strength. 
Furthermore, the ribs 27a or 25a can be formed over 
substantially the whole length of each frame. The formation 
of the ribs is therefore markedly effective in reinforcing 
the frame. 

(4) The ribs 27a and 25a on the right and left frames 
27 and 25 are formed on the outer surfaces of the frames. 
The ribs will therefore not come into contact with the head. 
A user wearing the HMD would therefore feel comfortable. 

(5) The groove sandwiched by the upper and lower ribs 
27a or 25a of the right or left frame 27 or 25 and having a 
portion thereof covered with the adjuster 28 or 26 is 
utilized as the cord passage groove 27h or 25h that guides 



the earphone cord 21 or 20. Consequently, the earphone 
cords 21 and 20 will not bother a user who wears or carries 
the HMD. The user will find the HMD 1 user-friendly. 

(6) With the right and left frames 27 and 25 folded, 
without using any tool, the frames can be attached to or 
detached from the frame supports through the L-shaped 
grooves that assist in attachment and detachment and that 
are formed in the supports. This results in easy assembling 
and repair. 

(7) When the right and left frames 27 and 25 are 
replaced with each other, the HMD can be provided: as a 
custom-made HMD in which the positions of the frames 
relative to the position of the nose are changed. 

(8) Furthermore, when the custom-made HMD is realized, 
the right and left frames can be detached and attached 
without the necessity of any tool. The specifications for 
the HMD can therefore be modified easily. 

(9) A spreading angle by which the right or left frame 
27 or 25 is spread can be adjusted readily by merely sliding 
the adjuster 28 or 26. Thus , the HMD would be found user- 
friendly. 

(10) The adjusters 28 and 26 are realized with the same 
member. This contributes to a reduction in the cost of 
parts. 

( 11 ) The earphones 7 and 6 can be readily held in the 



earphone holders in the right and left frames 27 and 25 by 
clamping each earphone with two claws or sliding each 
earphone vertically. The HMD can therefore be readily 
brought into a portable or storable state. 

(12) The earphones 7 and 6 may be held in the earphone 
holders in the frames by claming each earphone with two 
claws . In this case, even if slightly aggressive force 
works on the earphone holders, since the earphone holders 
deform readily /the earphone holders will not be damaged. 
The claws come into contact with the outer cover of each 
earphone. The loudspeaker covers of the earphones will 
therefore not be damaged. 

(13) The earphone cord 21 or 20 utilizes as a cord 
guide groove the groove sandwiched by the ribs 27a or 25a of 
the right or left frame 27 or 25 which includes the portion 
of the groove covered with the adjuster 28 or 26. The 
earphone cords are therefore reliably held but not sag while 
the HMD is carried or stored. While the HMD is used for 
viewing, the earphone cords will not sag very much. The 
earphone cords sag at proper positions near the ears. Thus, 
the HMD would be found user-friendly. 

(14 ) The neatness in settlement of the earphone cords 
21 and 20 in the frames has improved owing to the coil 
spring portions thereof. The coil spring portions can 
prevent the earphone cords from floating above the cord 



passage grooves 2 7 h and 2 5h . 

(15) If the HMD 1 is taken off from the head with the 
earphones 7 and 6 left inserted in the ears, the coil spring 
portions of the earphone cords 21 and 20 stretch* The 
conductors of the cords can be prevented from being 
disconnected/ Moreover, a user will not have a pain in the 
■ ears.' : -- 

As mentioned above, according to the present invention, 
there is provided a head-mounted image display device (HMD) 
that is compact and easily worn on the head. Right and left 
components of the HMD can be realized using a common member 
and formed strong enough. Earphones are easy to use. Thus, 
the user-friendly and low-cost HMD is provided. 



CLAIMS 

1. A head-mounted image display device having an image 
producing unit (2) which includes an image display means 

(13a and 13b) and a projecting optical system (12a, 12b, 14a, 
and 14b) for projecting an image, which is produced by said 
image display means, on the observer's eyes, said head- 
mounted image display device comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated; 

a pair of frame supporting members (16 and 17) fixed to 
said casing body; and 

a pair of frame members (25 and 27) that is members 
useful in wearing the head-mounted image display device on 
the head, and is supported by said frame supporting members 
so that the frame members can pivot freely; 

wherein said respective pair to the frame supporting 
members has the same shape. 

2. A head-mounted image display device having an image 
producing unit (2 ) which includes an image display means 

(13a and 13b) and a projecting optical system (12a, 12b, 14a, 
and 14b) for projecting an image, which is produced by said 
image display means, on the observer's eyes, said head- 
mounted image display device HMD comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated; 
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a pair of frame supporting members (16 and 17) fixed to 
said casing body; and 

a pair of frame members (25 and 27) that is members 
useful in wearing said head-mounted image display device HMD 
on the head, and is supported by said frame supporting 
members so that the frame members can pivot freely, 

■JM* • wherein said frame member has ribs (27a or 25a) formed 

G . ' ' ; ■ •; ' . .- . • .. ■ :,. 

O on the outer surface thereof which faces outside with said 

|.j ■ . ■ • • • ' • • . '.■ 

head-mounted image display device worn on the head, said 

\J ribs being extended over an effective range in the 

m ' • ; " • ... . . • • • ' • ' ■ . . • 

k longitudinal direction of the frame member. 

■gS: 3 . The head-mounted image display device HMD according to 

113 Claim 2, whereint 

51 said ribs on each frame member are a plurality of ribs 

lined in the width direction of the frame member; and 

a groove defined with the inner surfaces of said ribs 
serves as a passage groove for an earphone cord (20 or 21 ). 

4. A head-mounted image display device having an image 
producing unit (2) which includes an image display means 
(13a arid 13b) and an image projecting optical system ( 12a, 
12b, 14a, and 14b) for projecting an image, which is 
produced by said image display means, on the observer's eyes, 
said head-mounted image display device comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated; 



a pair of frame supporting members (16 and 17) fixed to 
said casing body; and 

a pair of frame members (25 and 21) that is members 
useful in wearing said head-mounted image display device HMD 
on the head, and is supported by said pair of frame 
supporting members so that the frame members can pivot 
freely, 

wherein said frame member has facing pins (25b and 25c 
or 27b and 27c) formed on the inner surfaces of flanges 
constituting the proximal portion thereof that acts as a 
fulcrum; and 

said frame supporting member has pin supporting holes 
(16d arid 16 j or 17d and 17 j), into which said pins are 
fitted, bored therein. 

5. The head-mounted image display device HMD according to 
Claim 4 , wherein an axis ( Yl or Y2 ) linking said facing pins 
formed on each frame member is inclined by a predetermined 
angle relative to a major axis plane defined in the frame 
member . 

6. The head-mounted image display device according to 
Claim 4, wherein said frame member can be attached to or 
detached from said frame supporting member by elastically 
deforming said flanges . 

7^ The head-mounted image display device according to 
Claim 6, wherein: 



an L-shaped groove ( 16f or 16g) is formed in one 
direction along each of said pin supporting holes formed in 
said frame support member; and 

said frame member is moved along said L-shaped grooves 
and then attached or detached. 

8. The head-mounted image display device according to 
Claim 6 , wherein said frame member is attached to or 
detached from said frame supporting member while being 
folded substantially into a portable or storable state • 

9 . A head-mounted image display device having an image 
producing unit (2 ) which includes an image display means 

( 13a and 13b) and a projecting optical system (12a, 12b, 14a, 
and 14b) for projecting an image, which is produced by said 
image display means, on the observer's eyes, said head- 
mounted image display device comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated ; 

a pair of frame supporting members (16 and 17 ) fixed to 
said casing body; 

a pair of frame members (25 and 27) that is members 
useful in wearing said head-mounted image display device on 
the head, and is supported by said pair of frame supporting 
members so that the frame members can pivot freely; 

frame spreading magnitude changing devices (26 and 28) 
each of which is attached to said frame member so that the 



device can move relative to said frame member, and is used 
to adjust an angle of pivot by which the frame member pivots 

wherein said frame spreading magnitude changing devices 
is moved relative to said frame member so that the device 
will have distal projections thereof inserted into or 
withdrawn from gaps between the contacting portions of said 
frame supporting member and the contacting portions (25i and 
25 j or 27 i and 27 j) of said frame member, whereby a pivot 
angle by which said frame member can pivot is adjusted at 
least in two steps. 

10 .A head-mounted image display device having an image 
producing unit (2) which includes an image display means 
(13a and 13b) and a projecting optical system (12a, 12b, 14a 
and 14b) for projecting an image, which is produced by said 
image display means, on the observer' s eyes, said head- 
mounted image display device comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated; 

a pair of frame supporting members (16 and 17 ) fixed to 
said casing body; 

a pair of frame members (25 and 27 ) that is members 
useful in wearing said head-mounted image display device HMD 
on the head, and is supported by said pair of frame 
supporting members so that the frame members can pivot 
freely; and 



frame spreading magnitude changing devices (26 and 28) 
each of which is attached to said frame member so that the 
device can move relative to said frame member, and is used 
to adjust a pivot angle by which the frame member can pivot, 

wherein said frame spreading magnitude changing devices 
is moved relative to said frame member so that the device 
will have distal projections thereof inserted into or 
withdrawn from gaps between the contacting portions of said 
frame supporting member and the contacting portions (251 and 
25 j or 27 i and 27 j) of said frame member, whereby the pivot 
angle by which said frame member can pivot is adjusted to be 
any position that is not a stepwise specified position. 

11. The head-mounted image display device HMD according 
to Claim 9 or 10, wherein said frame spreading magnitude 
changing devices are realized with a pair of members, and 
respective said pair to the members is the same shape. 

12. The head-mounted image display device HMD according 
to Claim 9 or 10, wherein: 

said frame member has a plurality of ribs (25a or 27a ) 
lined in the width direction on an outer surface thereof 
that faces outside with said head-mounted image display 
device worn on the head, and said plurality of ribs are 
extended over an effective range in the longitudinal 
direction of the frame member; 

said frame spreading magnitude changing device is 



attached to cover said ribs; and 

a groove defined with said ribs and having a portion 
thereof covered by the frame spreading magnitude changing 
device is used as an earphone cord passage groove. 

13. A head-mounted image display device having an image 
producing unit ( 2 ) which includes an image display means 

(13a and 13b) and a projecting optical system ( 12a, 12b, 14a, 
and 14b) for projecting an image, which is produced by said 
image display means, on the observer's eyes/ said head- 
mounted image display device comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated; 

a pair of frame supporting members ( 16 and 17 ) fixed to 
said casing body; and 

a pair of frame members (25 and 27) that is members 
useful in wearing said head-mounted image display device HMD 
on the head, and is supported by said frame supporting 
members so that the frame members can pivot freely, 

wherein earphone holders (25d, 25e, and 25f or 27d, 27e, 
and 2 7f) are formed in the distal portion of said frame 
member . 

14 . The head-mounted image display device HMD according 
to Claim 13, wherein: 

said earphone holder includes an opening, to which the 
speaker surface of said earphone is faced, and claws that 



clamp the body of said earphone, that are faced to each 
other in the horizontal direction, and that can deform 
elastically . 

15. A head-mounted image display device having an image 
producing unit ( 2 ) which includes an image display means 
(13a and 13b) and a projecting optical system (12a, 12b, 14a 
and 14b) for projecting an image, which is produced by said 
image display means, on the observer 1 s eyes, said head- 
mounted image display device comprising: 

a casing body (11 and 22) in which said image producing 
unit is incorporated; 

a pair of frame supporting members (16 and 17) fixed to 
said casing body; and 

a pair of frame members (25 and 27) that is members 
useful in wearing said head-mounted image display device HMD 
on the head, and is supported by said frame supporting 
members so that the frame members can pivot freely, 

wherein said frame member has a distal portion thereof 
shifted down by a predetermined dimension with respect to a 
major axis plane (Pi) defined in the proximal portion of 
said frame member that acts as a fulcrum. 

16. The head-mounted image display device HMD according 
to Claim 15, wherein said paired frame members or said 
paired frame supporting members can be replaced with each 
other. 



ABSTRACT 

A head-mounted image display device consists mainly of 
an image producing unit (2), right and left frames (27 and 
25) , and a controller (8) . The image producing unit has 
image display LCDs enclosed with covers (11 and 12 ) . The 
right and left frames useful in wearing the head-mounted 
image display device HMD on the head are supported by frame 
supports (17 and 16) that are fixed to the cover (11). 
Herein, the right and left frames are detachably attached to 
the frame supports. An earphone cord (21 or 20) is guided 
along ribs which are formed oh the outer surface of the 
right or left frame. An earphone (7 or 6) is detachably 
attached to an earphone holder formed in the distal or rear 
portion of the right or left frame. Thus, there is provided 
a head-mounted image display device that is compact, that 
can be readily worn on the head, and that not only enables 
viewing of a display screen image but also simplifies 
observation of an ambient environment. 
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PCT/ JP0Q/ 05437 and was amended on 

(if applicable). 



I hereby state that I have reviewed and undersland the contents of 
the above identified specification, including the claims, as amended 
by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37. Code of Federal Regulations, 
Section 1.56. 



Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the need of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to Chief Information Officer, U.S. Patent and Trademark Office, 
Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks, 
Washington, DC 20231. 
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Japanese Language Declaration 



Prior Foreign Application(s) 
Hll-240062 



JAPAN 



(Number) 



(Country) 



(Number) 



(Country) 
03) 



(Application No.) 



(Filing Date) 



Htttt. ecu, TE50v%^^i^S!aiilic 

rimmt 1 2&«isfcsis**ifc©*T\ 



(Application No.) 
(-18**9) 



(Filing Date) 
(fttES B ) 



(Application No.) 



(Filing Date) 



lift, **<c* tt*(c*«0[B|jS<cir*fT^fc*^tt. fcfifc* 
^18^^1001^1:^^^ lift** £L< ti*tf>ia3;fr 



I hereby claim foreign priority under Title 35, United States Code. 
Section H9(a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or 365(a) of any PCT International application 
which designated at least one country other than the United States 
listed below and have also identified below, by checking the box. 
any foreign application for patent or inventor's certificate, or PCT 
International application having a tilting date before that of the 
application for which priority is claimed. 



26/8/1999 



(Day/Month/Year Filed) 



Priority Not Claimed 
□ 



□ 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35. United States Code. Section 
119(e) of any United States provisional application s) listed below. 



(Application No.) 
(ffi***.) 



(Fitting Date) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States applications), or 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, t acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .58 which became 
available between the filling date of the prior application and the 
national or PCT Internationa! filing date of application. 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 
imU : ft»8F^ tt*«K ft*) 



I hereby declare that alt statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 



William H. Bollman, Reg. 36 , 45 7 
Edward J. Stemberger, Reg.J£_^fil7 
Jeffrey S. Melcher, Reg. 3i,J2JiO 
W. Warren Taltavul, Reg, .25-^7 
Leon R. Turkevich, Reg. 3_4 J135 
Paul E. White, Jr. Reg .32,011 



POWER OF ATTORNEY: As a named inventor. 1 hereby appoint 
the following attomey{s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office 
connected therewith (list name and registration number). 



Send Correspondence to: 

Willi am H. Bollman. E sq. 
URnelli denison & selterTllc 




o 



Direct Telephone Calls to: (name and telephone number) 



William H. Bollman, Esq, 
(202) 261-1020 
(202) 887-0336 (FAX) 



Full name of sole or first inventor 
Yuji OGASAWARA 



Inventor's signature 




Date 



Residence 



Hachioji-shi , Toky o, Japan J ? \/ 



Citizenship 

Japan 



Post Office Address 



c/o Intellectual Property Department 



Olympus Optical Co. , Ltd. 
2-3, Kubcyama-ncho, BacMoji-shi, Tokyo, Japan 



^ Full name of second joint inventor, if any 

'js* .Jtsuyasu KONDQ 



Second inventor's signature 



Date 



Residence ' , J/y 

Hino-shi, Tokyo, Japan 
Citizenship 

Japan 



Post Office Address 



c/o Intellectual Property Department 



Olympus Optical Co., Ltd. 

2-3, Kuboyana-<ho, rfechiojinshi, Tokyo, Japan 



(Suppfy similar information and signature for third and subsequent 
joint Inventors.) 
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